Key role of the achievement of an appropriate ribosomal RNA complement for G1-S phase transition in H4-II-E-C3 rat hepatoma cells.
Cell growth is closely related to cell proliferation and an adequate ribosome biogenesis appears to be necessary for cell duplication. In the present study, we have investigated the relationship between rRNA synthesis and cell cycle progression. For this purpose, in a first set of experiments, we evaluated the effect of rRNA synthesis variation on cycle duration in asynchronously growing H4-II-E-C3 rat hepatoma cells. Cells were either treated with insulin or insulin plus actinomycin D (AMD). The hormone stimulated ribosome biogenesis, which was later followed by an increased synthesis of DNA and a shortening of cell doubling time (DT). Bivariate flow cytometry indicated that the reduced length of the cell cycle was mainly due to the shorter G1-phase. AMD, at the concentration of 0.04 microg/ml, hindered ribosome biogenesis without affecting heterogeneous RNA production. A 12-h reduction in ribosome biogenesis level by AMD caused a lowering of DNA synthesis and a lengthening of cell DT with a longer G1-phase. In a second set of experiments, we analyzed the cell content variations of 28S and 18S rRNA transcripts during G1 phase in H4-II-E-C3 cells, synchronized by serum deprivation, and then stimulated by serum, serum plus insulin, and serum plus insulin and AMD. In control cells, a progressive increase in rRNA content occurred until the highest value of rRNA content was reached 21 h after serum stimulation. In insulin-treated cells, the highest rRNA value was reached at 12 h whereas in AMD-treated cells, the rRNA quantity was constantly low until 18 h and then sharply increased at 21 h. In the three experimental conditions, the highest values of rRNA amount were reached at the end of G1 phase and were quite similar to one another. We also evaluated, by real-time RT-PCR, cyclin E mRNA expression, which appeared to sharply increase at those times in which the maximum increase in the rRNA content was observed. Our results indicated that the achievement of an appropriate amount of rRNA allows G1/S phase transition, probably by modulating the expression of cyclin E mRNA.